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Background: It is not uncommon for all usual upper limb autogenous access sites to fail, often in patients for whom
neither peritoneal dialysis nor transplantation is an appropriate option. Axillary-axillary arteriovenous bypass grafts
could be used as the last option before a thigh autogenous access even in case of unilateral central venous stenosis or
obstruction. We describe our experience with this procedure in a series of patients.
Methods: A consecutive series of 18 patients for whom all possible arm accesses had failed and neither peritoneal dialysis
nor transplantation was possible underwent a necklace graft formation over a 2.5-year period. All grafts implanted were
6 mm, internally reinforced prostheses made of expanded polytetrafluoroethylene (PTFE, Gore-Tex Intering Vascular
Graft, W. L. Gore and Associates, Inc, Flagstaff, Ariz) anastomosed end to side the axillary artery and contralateral vein,
and tunneled straight in the subcutaneous space before the sternum. All patients had bimonthly clinical examinations in
which the thrill, bruit, skin, cannulation sites, and dialysis adequacy were reviewed. They also had at the same time a
transonic assessment where graft flows and recirculation rates were measured. In case of low flow (<600 mL/min) or
drop of 20% between two measurements or recirculation >5% a fistulogram was obtained, and an intervention was
performed to restore patency.
Results:We operated on 10 males and 8 females; mean age was 55.1 years. The primary patency was 83% and 72.2%, and
the secondary patency was 94.4% and 88.9% at 6 months and 1 year, respectively. Five successful surgical revisions were
carried out for four clotted grafts and one post dialysis rupture. One surgical revision for thrombosis failed and one local
infection lead to thrombosis and was not amenable to surgical revision. Three patients died of causes unrelated to their
vascular access during the study period.
Conclusion: The reasonable patency and minimal complications associated with these bypasses show that they are a valid
option for complex patients. We advocate the use of this bypass in patients with exhaustion of all access possibilities in
both arms with a patent superior vena cava, subclavian, and brachiocephalic veins. We also indicate it in case of unilateral
central venous stenosis or obstruction with complete exhaustion of all other access possibilities on the contralateral side.
(J Vasc Surg 2008;48:1251-4.)Native arteriovenous autogenous access is the preferred
long-term vascular access for hemodialysis. However, in
patients for whom neither peritoneal dialysis nor transplan-
tation is an appropriate option with exhausted upper limb
autogenous access options, creation of an access in the
lower limb or a complex bypass using an expanded polytet-
rafluoroethylene (ePTFE) graft may be necessary. Several
complex (exotic, extra-anatomic) access procedures in pa-
tients with difficult vascular access problems have been
described.1-19 These options include axillary loops, axillary-
axillary arteriovenous grafts, internal jugular vein bypasses,
superficial femoral vein transpositions, femorofemoral arte-
riovenous cross over bypasses, axillary artery to popliteal vein
bypasses, and femoral artery to right atrium bypasses.3,9 The
arteriovenous axillary loop graft has been reported as a
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doi:10.1016/j.jvs.2008.06.064possible primary vascular access procedure when no other
upper limb option is feasible.2,3,9 Axillary-axillary arterio-
venous straight access (necklace graft) could also be used as
the last upper body option before a thigh fistula, even in
case of unilateral central venous stenosis or obstruction.
Although described previously, no long-term results in
a consecutive series have been reported. In small series,
good results have been shown, and it was advocated for
diabetic patients in whom the risk of steal syndrome was
high and a lower limb option was too risky.1,11-13,17 We
describe our experience with axillary-axillary arteriovenous
bypass graft procedures in a consecutive series of patients.
METHODS
We have reviewed all cases of patients who underwent
an axillary-axillary arteriovenous graft operation at our in-
stitution between October 2004 and March 2007.
The preoperative assessment included two preoperative
consultations with the same surgeon and one visit to the
nephrologist as well as a duplex scan of the venous outflow.
In cases of uncertainty regarding the vein patency (dis-
turbed flow and/or absence of flow variations with the
respiratory cycles), a venogram was obtained. No specific
arterial imaging was required unless there was a discrepancy
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which case duplex imaging was used to assess the arteries in
both arms.
Surgical procedures. Consent was granted. The pa-
tients were placed under general anesthesia in decubitus
position with the shoulders supported by a shoulder cush-
ion or a 1-L saline infusion bag while the head was ex-
tended. Incisions were made 1 cm below the lateral third of
each clavicle. The pectoralis major was dissected; the pec-
toralis minor dissected and split. Underneath the muscle,
the clavi-pectoro-axillary fascia was opened, and the axillary
artery and the contralateral vein dissected. A curved subcu-
taneous tunnel running in front of the superior third of the
sternum was made for graft implantation. The venous
anastomosis was created first, by using a 5-0 polypropylene
running suture. Heparin (2000 IU) was then injected
intravenously, and the arterial anastomosis was performed
the same way. The graft was flushed, hemostasis was ob-
tained, and the wounds were closed over two drains. All
grafts implanted were 6 mm, internally reinforced ex-
panded polytetrafluoroethylene (Gore-Tex Intering Vascu-
lar Graft, W. L. Gore and Associates, Inc, Flagstaff, Ariz).
Postoperative follow-up. All patients were included
in a strict follow-up protocol with an assessment 3 weeks
postoperatively by the surgeon and then a referral to the
access nurse coordinator’s clinic. Subsequently, they un-
derwent bimonthly clinical examinations in which the thrill,
bruit, skin, cannulation sites, and adequacy of dialysis were
reviewed as well as an ultrasound dilution assessment
(Transonic Systems Inc, Ithaca, NY) was performed. That
included measurements of the graft flow and recirculation
rates; the cardiac output was measured only when the flow
was greater than 1500 mL/min. The grafts were stuck with
one arterial and one venous needle. The Transonic beamer
and receptor probes were connected to the arterial and
venous lines of the dialysis machine. The flow was measured
four times during a dialysis shift, two sets of measurements
during the first hour and two during the last. The average of
the readings was retained. This was repeated six times per
patient per annum. If the flow was less than 600 mL/min,
or had dropped by 20% since the previous transonic exam-
ination, or the recirculation rate was greater than 5%, a
fistulogram was obtained.
Statistical analysis. Statistical analysis was performed
using the statistical package SPSS for Windows, version
15.0 (SPSS Inc, Chicago, Ill). All categorical variables were
defined and expressed in proportions. The primary and
secondary patency rates for the axillary-axillary arterio-
venous grafts were calculated using the Kaplan-Meier esti-
mate.
RESULTS
In our network, 2640 vascular access procedures were
performed in the period between January 2002 and March
2007. Of these, 2165 (82%) procedures were autogenous
access, and in 475 cases (8%), a prosthetic graft was im-
planted. From October 2004 to March 2007, we per-
formed 1020 vascular access procedures. Out of these, anaxillary-axillary arteriovenous bypass graft was performed in
18 patients (9.6% of graft procedures and 1.8% of total
procedures).
We operated on 10 males and 8 females; mean age was
55.1 years. They were referred to our institution because of
severe access problems. Each patient had exhausted all
upper limb options. Three patients had previous brachial
artery fistulae and had presented with severe steal syndrome
treated by a distal revascularization and interval ligation
(DRIL) procedure. Once their fistula was abandoned, in
order to avoid steal on the other side, an axillary-axillary
arteriovenous graft was preferred. All patients referred with
central venous stenosis or obstruction were examined by a
vascular radiologist to determine whether a percutaneous
dilatation or recanalization was possible as it is our first
preferred option. However, no patients in this series were
deemed suitable for endovascular intervention (no patients
for whom a dilatation or recanalization was successful are
reported here, as they did not need a complex vascular
access). Axillary-axillary arteriovenous bypasses were per-
formed only in patients who were not candidates for peri-
toneal dialysis (multiple abdominal scars, obesity), endo-
vascular intervention (decided by vascular radiologists) or
urgent transplant (no live donor available) (Table, online
only).
Type 2 diabetes and hypertension were present in 50%
and 100% of the cases respectively.
The median number of previous autogenous access or
graft procedures per patient was three (range 2 to 5). All
patients had undergone several central catheter insertions
in both internal jugular veins (IJVs). There was no history
of subclavian vein catheters. Left axillary artery to right
axillary vein and right axillary artery to left axillary vein
bypass grafts were performed in 11 and 7 patients, respec-
tively.
Overall, primary patency was 66.7% at a median follow
up 19.7 months, with 83% and 72.2% at 6 months and 1
year, respectively. The overall secondary patency was 88.9%
at a median follow up 14.9 months with 94.4% and 88.9%
at 6 months and 1 year, respectively (Fig).
Postoperative complications included bleeding in three
patients (16.7%), resolved by protamine in two, and spon-
taneously in one. No blood transfusion was needed.
Wound infection occurred in two patients (11%). They
were treated conservatively with active antiseptic daily
dressings. Temporary arm swelling was observed on the
side of the venous anastomosis in two patients (11%).
Five successful surgical revisions were carried out.
These included thrombectomy in four patients (22%) and
rescue of a ruptured graft post dialysis due to multiple
needling in the same place. One clotted graft was not
amenable to surgical revision. One graft was locally infected
but kept in use while treated by daily cleaning and dressing,
until definite thrombosis after which it was surgically re-
moved. There was no systemic sepsis and blood cultures
remained negative. All revision procedures were decided
because of ultrasound dilution measurements confirmed by
fistulographic findings or acute thrombosis. The cause of all
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hyperplasia). Each case was referred to the vascular radiol-
ogists for endovascular declotting. We performed it surgi-
cally only if their attempt failed or they declared it nonsuit-
able or they were not available at the time the patient
presented (all cases).
Three patients died of causes unrelated to their vascular
access during the study period. One had a mesenteric
infarction and two had a myocardial infarction. In all three
patients, the vascular access was functional at the time of
death.
DISCUSSION
The need for complex vascular access will continue to
increase, and hitherto there are no clear protocols establish-
ing clear indications. We previously proposed the use of a
flowchart to aid decisions about vascular access in patients
with central venous stenosis or occlusion.8
The axillary-axillary arteriovenous bypass graft has been
described previously, although no long-term results have
been reported.12 In individual cases, good results and usu-
ally uneventful follow-up have been observed.12-14 We
advocate the use of this bypass in patients with exhaustion
of all other upper limb accesses with a patent superior vena
cava, subclavian and brachiocephalic vein, or in case of
unilateral subclavian vein and/or artery occlusion and ex-
haustion of all contralateral options. It has only rarely been
associated with steal syndrome4 and has been proposed as a
potential treatment in a loop graft model of proximaliza-
tion of anastomosis.15 Our primary and secondary patency
rates compared favorably with those reported for other
Fig. Kaplan-Meier curves showing primary and secondary
patencies.complex accesses or autogenous accesses.16,17 This seriesalso showed the feasibility of rescue of these grafts with an
excellent outcome expressed by the high secondary patency
rates. While only one graft was clotted postoperatively due
to severe hypotension and successfully rescued, four suc-
cessful surgical revisions of ruptured grafts after needling
and thrombectomy of a further three grafts after long
period of use were necessary. The possibility of percutane-
ous intervention to rescue a failing axillary-axillary arterio-
venous graft was reported in a small series of five patients
with 100% success rate in re-establishing a normal blood
flow pattern. Three patients needed more than one inter-
vention.18 Although it is our policy to explore the endo-
vascular intervention in all our failing access, in this series,
the radiologists either deemed the failed grafts unsuitable
for percutaneous intervention because of the length of the
thrombosed segment or were not available at the time the
graft clotted and needed intervention. It has also been
suggested that it is more cost-effective to create a new graft
when several endovascular interventions at short intervals
are necessary to maintain patency.19
In patients with no remaining upper limb access op-
tions, the most commonly used alternatives are a axillary
loop, long saphenous vein loop to the femoral artery,
transposition to the popliteal artery, or a loop graft at the
femoral triangle. A series of axillary loop accesses with a
12-month primary patency rate of 51% and a secondary
patency rate of 80% at 18 months was recently reported.2
The authors, however, noted frequent stenosis in the axil-
lary vein and suggested that the location of their graft with
potentially high flow rates was responsible. Another possi-
ble explanation is the angle of the anastomosis and the
positioning of the graft in a loop configuration. It might
strain the vein and, therefore, induce myointimal hyperpla-
sia. We did not observe such a high number of venous
stenosis but our follow-up protocol has been stricter. In
another series of 27 anterior chest wall grafts where three
were axillary loops, the 1-year primary and secondary pa-
tency rates were 33.33  10.49 and 57.06  11.29,
respectively.3 We prefer straight axillary grafts to loops that
we used to perform in our early days, because of the
number of complaints we received from our dialysis nurses,
about the difficulty of needling leading to a high number of
blown grafts. Considering also the potential difficulty in
rescuing them either surgically or radiologically because of
their configuration, we reserve loops for occlusion of both
the axillary artery and vein on one side while the other side
is exhausted. In addition, we might use it to rescue an
occluded necklace graft.
Unfortunately, long saphenous vein fistulas have low
patency8,9 and require many additional procedures, includ-
ing surgical revision and dilatation.4 Femoral grafts neces-
sitating dissection of the femoral triangle have high infec-
tion rates and poor healing specifically in patients with a
large panniculus. In addition, this option is not a priority in
diabetic obese patients because of the high risk of steal and,
therefore, lower limb amputation.20
We think that nephrologists should be aware of these
options and consult a surgeon before consigning a complex
JOURNAL OF VASCULAR SURGERY
November 20081254 Morsy et alpatient to a definite tunneled line. In our opinion, the best
model of care would be that, in any major dialysis center, an
in-house, experienced, dedicated vascular access surgeon
should work alongside general and interventional neph-
rologists in order to offer the most comprehensive array of
options to their dialysis population. Increasing the number
of fistulas would reduce the number of serious complica-
tions carried by long-standing tunneled cuffed catheters
(jugular, femoral, transhepatic, or translumbar) and the
number of inpatient admissions for line sepsis, which may
represent the majority of hospitalized patients in renal units
where the access policy is not aggressive. The mean incidence
of tunneled cuffed catheter-associated bacteremia is estimated
to be three episodes per 1000 catheter-days.21-23
Axillary-axillary arteriovenous graft procedures can be
complicated by brachial plexopathy and upper limb venous
hypertension.17 However, these complications are revers-
ible and avoidable by thorough work up and cautious
dissection. We prefer the radially supported Gore-Tex In-
tering Vascular Graft because of its ability to withstand
difficult angles, even though it could not be used for dialysis
for 2 weeks. Unlike most vascular surgeons, we prefer long
bypasses because they allow avoidance of sharp angulation
of the graft, which can lead to frequent revisions.7
All our patients benefited from a strict follow-up pro-
tocol including regular clinical assessments of their graft by
our access nurse coordinator as well as inflow and recircu-
lation measurement with the transonic device (six times per
annum). We firmly believe that performing a bypass or a
fistula for dialysis access without any form of follow-up
would lead to a quick failure and warrant further admissions
and surgeries at a significant extra cost and discomfort for
the patients.
CONCLUSION
The axillary-axillary arteriovenous graft is an acceptable
upper limb vascular access for hemodialysis. It is technically
easy to perform and easy to needle as it is very superficial.
Patency and complications rates compare very favorably with
those of other complex accesses and lower limb fistulae.
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Age (y)/sex Indication Bypass
53/M Previous brachio-axillary graft bilaterally.
Failed Lt BC AVF
1
44/M Bilateral native fistula exhaustion and
failed bilateral brachioaxillary bypass
grafts
1
53/F Failed thigh loop grafts bilaterally. Failed
Lt BC AVF
2
64/M Failed brachio-axillary graft bilaterally.
Lt subclavian vein stenosis
1
33/F Failed upper limb fistulae. Failed
brachio-axillary grafts. Not for PD.
1
54/F Failed upper limb AVF fistulae
bilaterally. Previous severe steal with
BC AVF. Lt subclavian vein occluded.
Rt subclavian vein patent
1
41/M Failed brachio-axillary graft bilaterally.
Rt brachiocephalic vein stenosis
2
75/F Right subclavian vein stenosis. Multiple
failed fistulae. Unable to use legs
because of severe lymphoedema
2
56/M Failed brachio-axillary graft bilaterally.
Rt subclavian vein stenosis. SVC
angioplasty and stenting
1
38/M Bilateral failed fistulae and grafts.
Central veins patent. Lt Internal
Jugular Vein occluded. Not suitable
for pd
2
56/F Failed Rt RC AVF. Brachiocephalic
trunk occlusion
1
54/M Was morbidly obese with failed thigh
loops bilaterally and failed Lt BC AVF
2
70/M Severe steal following distal AVF.
Central veins patent
2
76/F Bilateral failed fistulae. Lt subclavian
vein stenosis.
1
34/F Bilateral native fistula exhaustion and
failed bilateral brachioaxillary bypass
grafts
1
65/M Bilateral native fistula exhaustion and
failed bilateral brachioaxillary bypass
grafts
1
74/M Bilateral native fistula exhaustion and
failed bilateral brachioaxillary bypass
grafts
2
52/F Severe steal following distal AVF -
ligated. Central veins patent
1
AVF, Arteriovenous fistula; BC, brachiocephalic; RC, radiocephalic; Lt, left
1  Left axillary artery-right axillary vein; 2  Right axillary artery-left axillwent an axillo-axillary (necklace) bypass procedure
Complications Cause of graft failure Rescue success
Bleeding, infection — —
— Graft thrombosis Yes/thrombectomy
— — —
Right arm swelling — —
— — —
— Graft rupture Yes/repair
Lymphocele, infection Graft thrombosis Yes/thrombectomy
— Graft thrombosis Yes/thrombectomy
Bleeding — —
Left arm swelling Graft thrombosis no
— Died —
— Died —
— Died —
— — —
— — —
— — —
Bleeding — —
— Graft thrombosis Yes/thrombectomy
